a network of more than 250,000 control points (survey monuments) covering the US, Canada, Mexico, Central America, Greenland, and the Caribbean islands. This network provides a means of accomplishing very accurate horizontal positioning, both on land and offshore. The last major adjustment of this system of control points resulted in the geodetic reference system known as the North American Datum of 1927 (NAD 27). "Adjustment" in this sense is the determination and application of corrections to survey observations, for the purpose of reducing errors or removing internal inconsistencies in derived results. Survey information, position coordinates, and maps used in the oil industry in North America are generally based on NAD 27.
K eference surfaces. When locating (positioning) an object on, or with respect to, the earth, there are three types of surfaces that come into consideration: the earth' s topography, the geoid, and surfaces for mathematical computation.
The earth' s topography is simply the configuration of the surface, including its relief, the positions of hills, valleys, rivers, oceans, cities, and other natural or manmade features. Since we cannot easily fit a surface to the earth' 3 topography for accurate mathematical computations, surveyors must make measurementr on the topographic surface and then reduce them to a surface that can be accurately modeled by a mathematical figure.
The geoid is the equipotential surface in the earth' s gravity field which, for practical purposes, coincides with the undisturbed mean sea level extended continuously through the continents. The direction of gravity is perpendicular to the geoid at every point. Since a survey instrument, such as a theodolite, is oriented on the topographic surface by a plumb line (direction of gravity) and a bubble (or spirit) level (perpendicular to the direction of gravity), the geoid is the surface of reference for astronomical observations and for geodetic leveling. While the geoid has physical meaning, and while survey measurements can be related to it, the geoid surface is highly irregular and almost impossible to describe mathematically. Thus, to perform mathematical calculations of position on the earth, we must "fit" the geoid, either for a local region or on a global basis, with a welldefined mathematical figure. Measurements of long arcs on the earth' s surface, gravity observations, and the tracking of orbiting satellites, have shown that the geoid closely conforms to an ellipsoid of revolution.
To fix (or locate) a point in three-dimensional space, it is necessary to define a coordinate system. For locating points on or near the earth' s surface, a plane would suffice for a very small area such as a few city blocks. Figure 2. For computational purposes, it is often convenient to work in a Cartesian ,qq coordinate system. The z-axis is made coincident with the semiminor axis of the ellipse (polar axis), the x-axis lies in the intersection of the equatorial and Greenwich meridian planes, and they-axis is 90 degrees from the x-axis in the equatorial plane and oriented to form a right-handed system. The well-known relationships between the Cartesian coordinates and the spherical $, X, h coordinates are: The simplest datum uses a single astronomic position point as datum origin, and the ellipsoid and geoid are assumed to be coincident and tangent at the origin. In this case, N = t = q = 0. A datum oriented by a single astronomic ooint mav produce large-systematic geoid separations. The ellipsoid is not earth-centered and its rotational axis is parallel, but not coincident, with the mean rotational axis of the earth (Figure 3 ). An important point to note is that positions derived from different astronomically oriented datums cannot be directly related to each other in geodetic computations.
A slightly more complex datum orientation, known as the astro-geodetic datum orientation, utilizes a correction at the origin which minimizes the sum of the squares of the deflection of the vertical components for several points within the system. As&o-geodetically oriented daturns are generally applicable over larger areas than datums oriented by a single astronomic position.
There are eight major geodetic datum blocks throughout the world (Figure 4) . In addition to these large regional datums, there are about 90-100 smaller astronomically oriented datums, each with its own origin. Most well-known datums use one of the reference ellipsoids shown in Table   SINGLE NAD 83 coordinates of the survey monuments established and maintained by the US National Geodetic Survey (NGS) became available in late 1986 through the National Geodetic Information Center. New geodetic data sheets for survey monuments in the US will become available for certain areas in 1987, but it will take approximately three to five years before the NGS has new geodetic data sheets for the entire country. The new geodetic data sheets will provide the amount of shift in arc seconds of latitude and longitude for the survey monument. Thus, it will be feasible for many petroleum industry projects to shift between NAD 27 and NAD 83 or vice versa by a simple addition of constant values to existing latitude and longitude coordinates within a localized area, rather than applying the more rigorous but burdensome transformation.
In Canada, a working committee of the Canadian Petroleum Association has been addressing the effects of NAD 83 on boundaries and oil and gas rights. This committee has worked in very close cooperation with the Surveyor General of Canada and the Canada Oil and Gas Land Administration. It is expected that such a working relationship between industry and government officials will produce a unified approach to solving boundary problems and determining oil and gas rights associated with the change to NAD 83 in Canada.
Offshore charts produced by the US National Ocean Survey and the Canadian Hydrographic Service will be converted to NAD 83 and they are expected to be issued within normal printing cyles. The conversion and printing process could take as long as 15 years, but a substantial number of new NAD 83 charts can be expected within five to seven years.
While it will take years for government agencies to provide all new geodetic data sheets, maps and charts based on NAD 83, it is during this time of transitionstarting now -when the highest potential exists for inadvertent mixing of NAD 27 and NAD 83 position information and data.
